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Abstract 
One of the most widespread methods to increase the power of internal-combustion engines (ICEs) is turbocharging. But 
turbochargers used for 70% of engines have a number of essential disadvantages: their low service reliability as up to 30% of 
engine failures are caused by turbochargers; their high price; their cost-demanding reconditioning caused by high labour inputs 
and considerable downtime periods of machine-tractor units; losses due to long downtime periods of machine-tractor units. ICE 
life reducing usual for those equipped with turbochargers is due to frequent high-temperature overloads abnormal for 
turbochargers. To reduce the thermal factor of turbocharger elements and the running-out durability can be possible when using a 
hydraulic accumulator and a braking device. Thus, a test bench is manufactured for examining the turbocharger with the 
proposed elements. As a result, we manage to avoid semidry and dry friction to extend the turbocharger life, with the rotor 
slowing time being reduced on average up to 30–35% as compared with the normal (load-free) rotor slowing time. Thus, a 
hydraulic accumulator combined with a braking device can reduce turbocharger failures up to 10–15%. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Experts and specialists consider a further increase in the reliability of turbochargers to be possible due to more 
advanced manufacturing technologies and design changes of turbochargers, namely: integrated correctors for fuel 
supply can cause a reliability increase up to 10–25 %; bearing assembly improvements – up to 15–20%; the 
modernization of the ICE lubrication system – up to 5-7%; the use of new structural materials – up to 10-13%; the 
heat removal improvement from the turbocharger case – up to 10–20%; the reduced vibration of the turbocharger 
elements – up to 2–5%; the reduced thermal factor of the turbocharger elements – up to 5–10%. According to 
practical application of engines equipped with turbochargers, the main indicator of their reliability is known to be 
the wear resistance factor of the bearing assembly. The most common failure of turbochargers is known to be the 
shaft (rotor) seizure [1–10]. 
Thus, we compared and analysed the factors that determine and affect the operational reliability of 
turbochargers, with the conclusions about the reasons causing their main failures (seizures) being formulated. Thy 
are the exceeded limit values of dynamic and thermal parameters when turbochargers operate in critical conditions 
leading to irregular processes in friction couples; the oil coking in the turbocharger oil distributing lines; the 
misalignments of the axes and the element openings of the turbine; the increase of the turbocharger oil consumption; 
the turbocharger case deformations reducing the clearances; the local overheating of parts when the ICE is stopped; 
the intensive wear of the turbocharger bearing caused by the lubricant lacking after the ICE stops; the insufficient 
supply of the lubricating oil (oil starvation) in turbochargers [1–25]. 
According to the research results the following tasks were set: to analyses the causes of reduced operational 
reliability of turbochargers; to develop the design of a test bench with a hydraulic accumulator and a braking device; 
to determine experimentally the relationship between the parameters of the turbocharger braking process and the 
back pressure. To improve the operational reliability of turbochargers it is necessary to lubricate and cool the 
bearings during the rotor slowing time and to limit it by a braking device. The thorough analysis of scientific papers, 
literature and design concepts makes it possible to hypothesize how to improve the operational reliability of engine 
turbochargers due to lubricating the bearings after the engine stops, with a hydraulic accumulator and a braking 
device to reduce the slowing time being used. Thus, the aim is to improve the operational reliability of turbochargers 
of motor-tractor engines by lubricating friction couples after the engine stops and reducing the slowing time with a 
braking device. 
2. Methods 
2.1 Theoretical research 
The equation for the turbocharger rotor rotations can be generally written as [1, 4, 11, 24 and 25]: 
 
Ɍ ɋ R
dJ M M M
dt
Z                      (1) 
 
Where J×dȦ/dt is the inertia moment of the moving rotor masses, (N m);  is the rotor inertia moment about 
the axis, (kg m2); dȦ/dt is the rotor angular acceleration (negative acceleration), (rad/s2); MT is the turbine effective 
moment, (N m); MC is the compressor-driving moment, (N m); MR is the moment of mechanical resistance to the 
rotor rotations, (N m). 
When the air isn’t supplied to the turbine, MC and MT are equal to zero, the equation of the turbocharger rotor 
rotations when the rotor slows down can be written as: 
 
Slow
dJ M
dt
Z                      (2) 
 
Where MSlow is the braking torque, (N m). 
J
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When braking the compressor operation mode can be determined graphically by the system characteristics 
combined with the complete compressor characteristics, i.e. the dependence of the total pressure PT, the capacity N 
and the output efficiency (Fig. 1), with the intersection point being the compressor operating point and determines 
the pressure value and the compressor capacity. 
 
Fig. 1. The turbocharger head-capacity characteristic and the regulation lines. 
When the shutter is open, the system head curve is flat, and the operation mode is determined by the point A. 
This point corresponds to the performance QA and the pressure PA. Due to the obtained capacity we can find the 
capacity NA and the efficiency ȘA. When the shutter is closed, the resistance (the back pressure) increases, and the 
system head curve becomes more abrupt, with the operating point moving from the position A into the position B 
and then into the position C. These points define new parameters of the compressor operation, and thus of the entire 
turbocharger. Fig. 1 shows that the throttling mode is caused by a reduced compressor operation. The turbocharger 
shaft power due to throttling is reduced, and the rotor slows down quickly and smoothly. For example, the throttling 
up to the point B causes the reduced pressure on the throttle ǻPdP [3]. 
2.2. Research methods 
A new rational design is aimed at increasing the turbocharger operation reliability. The lubrication system of the 
ICE turbocharger comprises the main oil distributing line, with a pressure line to connect the main oil distributing 
line with the turbocharger bearing, a hydraulic accumulator, and a braking device, additionally installed and 
connected to the main oil line. There is also an electronic control unit necessary for the lubrication system. Between 
the air cleaner and the turbocharger impeller in the connecting pipe there are sensors for controlling the air flow and 
its temperature, they are also connected to the electronic control unit. Between the air pipe and the outlet pipe there 
is a bypass pipe in the direction of the turbocharger wheel. This bypass pipe is necessary for supplying the cooled air 
running out to the turbocharger turbine wheel. On the turbocharger main case there is an electromagnetic valve-
injector connected to the hydraulic accumulator to supply oil running out to the turbocharger bearing when the 
engine is stopped. At the outlet of the turbocharger bearing there is an oil-temperature sensor connected to the 
electronic control unit.  
The braking device is designed with two vane-type shutters connected to the main oil distributing line through 
the pressure line. The system operates in the following way. The electromagnetic valve-injector lets the oil move 
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into in the turbocharger bearing after the electronic control unit has signaled about the ICE stop, and the 
turbocharger operates in the rotor slowing down mode. The oil through the turbocharger bearings passes onto the 
output oil-temperature sensor mounted in a drain oil line. The output oil-temperature sensor send signals to the 
electronic control unit, which controls the lubricating oil flow for directing it to enter or bypass the oil cooler (due to 
the oil temperature). When the engine stops, the controlled valve injector opens because of the electronic sensors of 
the crankshaft position and the turbocharger revolutions, but continues to lubricate and to cool the turbocharger 
bearings. This device ensures avoiding heat strokes and, as a result, breakages of the turbocharger turbine 
components. The proposed technical device helps to avoid the oil coking in the turbocharger lubrication system 
pipelines in case of ICE sudden (emergency) stops when loaded at the turbocharger rotor slowing down mode. This 
method implies both adjustable (by volume, time and temperature) oil inlets into the turbocharger bearing, and 
regulated supplies of compressed air onto the turbine wheel input. As the supplied air has a temperature of about 
100°C, it cools the turbine components down to 600–700°C, with the operating reliability of the bearings being 
increased as well as the integrity of the rotor, the case and the turbocharger as a whole being achieved [6]. 
3. Results 
To confirm the theoretical background we researched the slowing time of TKR-11 turbochargers [4–8] at four 
different modes, with the experimental results being shown in Fig. 2 – the dependence of the rotating speed of the 
TKR turbocharger rotor on the slowing time. 
 
Fig. 2. The dependence of the rotating speed n1, n2, n3, n4 [rad/sec] on the slowing time t [sec], where 1 is  the normal rotor slowing; 2 is the 
rotor slowing with an operating accumulator; 3 is the rotor slowing with an operating braking device; 4 is the rotor slowing with an operating 
accumulator combined with a braking device. 
To determine the normal rotor slowing down we calculated the first derivative of the TKR rotor rotating speed 
and obtained the dependence of the TKR rotor slowing down on its slowing time, Fig. 3. 
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Fig. 3. The dependence of the rotor slowing down n1(t), n2(t), n3(t), n4(t) [rad/sec2] on the slowing time t [sec]. 
To determine the resistance moment to the TKR rotor rotation we multiplied the slowing values by the TKR 
rotor inertia moment. Thus, we obtained the dependence of the braking torque on the slowing time, Fig. 4. 
 
Fig. 4. The dependence of the braking torque M1, M2, M3, M4 [N m] on the slowing time t [sec]. 
4. Conclusion 
Having analysed the data in Fig. 2, 3, 4, the following findings can be emphasized. 
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A hydraulic accumulator used in the lubrication system of the ICE turbocharger ensures the regular lubricating 
and cooling of the rotor bearings when the engine crankshaft rpm drop, as well as it stops in case of its overload at 
the rotor slowing down mode. 
A braking device makes it possible to reduce the rotor slowing time for preventing oil starvation and dry friction 
of the rotor bearing. 
The hydraulic accumulator combined with a braking device minimizes the risk of dry friction and emergency 
failures of the turbocharger. A hydraulic accumulator combined with a braking device are proved to reduce the 
turbocharger rotor slowing time on average up to 30–35% as compared with the normal (load-free) rotor slowing 
time (the 4th line in Fig. 2, 3, 4). This can reduce turbocharger failures up to 10–15% and downtime periods of 
machine-tractor units used in growing. The estimated economic effect is 50–80 thousand rubles per one season 
when operating units are used with various tractors. 
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